e reviewed 26 consecutive men of mean age 28 years who had had wedge bone grafting and Herbert screw fixation for symptomatic established nonunion of the waist of the scaphoid. The period between injury and operation averaged 30 months (10 to 96), and 11 of the 26 patients had had previous operations, seven with bone grafts.
Nonunion of the scaphoid often affects young men who are manual workers. It is sometimes asymptomatic but usually causes pain and weakness which interfere with work and sport (Lindstrom and Nystrom 1990; Duppe et al 1994) . In 1984 Fernandez described a method of volar wedge grafting of ununited scaphoid fractures using a Kirschner (K)-wire for fixation, and Herbert and Fisher (1984) reported the use of the Herbert screw for this problem.
We have used a method which combines these two techniques and report the results of the treatment of established nonunion of the waist of the scaphoid.
PATIENTS AND METHODS
Between December 1990 and July 1993 we treated 26 men of mean age 28 years (18 to 54) by volar wedge grafting and fixation with a Herbert screw. Most cases were secondary referrals to our clinic for the treatment of nonunion. All the patients had fractures of the waist of the scaphoid with established nonunion persisting for at least six months after the causative injury, with wrist pain, weakness or both. Eleven were unable to work because of wrist symptoms.
Radiographs showed either collapse of the scaphoid (the 'humpback' deformity) or cystic change such that resection of the abnormal bone would require a bone graft to restore its shape. Patients with severe degenerative changes in the wrist were considered unsuitable and excluded.
During the period under review other patients with scaphoid nonunion were treated by conservative means with splints, electrical stimulation, screw fixation alone, radial styloidectomy with excision of the proximal pole, or by wrist fusion. The choice of treatment depended upon the age and demands of the patient and the classification and stage of the nonunion.
Of the 26 fractures treated by graft and screw, 12 had occurred in falls, eight in road-traffic accidents, four during sport and two during assault. Two patients had bilateral nonunion of the scaphoid, but in each one the wrist was managed by a different method. The mean time from injury to graft and screw was 30 months (10 to 96). The right wrist was affected in 18 patients.
We considered the patients in two groups. Group 1 included 15 who had previously been untreated (8) or had only casts (5) or splints (2). The 11 patients in group 2 all had previous unsuccessful surgery. Five of the seven who had undergone bone grafting had been treated elsewhere, and technical details were therefore not available. Eight patients had Herbert or AO screws in place before the operation. One patient had previously had three operations.
The radiological appearance before our grafting operation was recorded according to the criteria of Herbert (1990) (Table I) . Cases with implants in situ have been classified separately as fractures of the waist with or without degenerative changes. Assessment of results. Clinical assessment used a standard proforma which included range of movement and grip strength measured by a purpose-built dynamometer. The results were graded as showing either full function, allowing return to prefracture levels of activity with no pain, or as reduced function in which there was a subjective feeling of stiffness or weakness and/or objective reduction in range of movement.
The diagnosis of radiological union required clear evidence of bony trabeculae traversing the graft from the proximal to the distal pole on at least two of the four standard scaphoid views (Fig. 1) . In two patients tomography was used to resolve any doubt. Operative technique. Operation is performed under tourniquet using a volar approach through the bed of the tendon of flexor carpi radialis. The site of nonunion is identified.
Fibrous tissue and sclerotic bone are removed with a fine osteotome until normal, vascular bone is visible. A tricortical corticocancellous graft from the iliac crest is fashioned into a truncated wedge of sufficient size to restore the length of the scaphoid on its volar side when the wrist is in maximum dorsiflexion. The insertion of the wedge usually provides sufficient tension to give some stability to the graft.
The scaphotrapezial ligaments are then divided to allow elevation of the distal pole of the scaphoid. Using a jig, a Herbert screw is passed through the bone and the graft to secure the proximal to the distal pole. Intermittent image intensification is used to ensure the correct position of the screw. In two patients the grafted reduction was not stable with the single Herbert screw. A second screw was used in one and a K-wire in the other.
We used postoperative cast immobilisation for five patients early in the series, but later patients were encouraged to mobilise the wrist gently.
RESULTS
All 26 patients had clinical and radiological follow-up for at least six months (Table II) . The mean period was 14 months (6 to 42). Four of the eight patients who failed to attend after six months were contacted by telephone and were symptom-free at 10 to 16 months. The range of wrist movement was measured in the 18 patients who attended for assessment and grip strength was recorded for 15 patients (Table III) .
Of the 26 fractures, all but one united at a median time from operation of four months (2 to 12). All 26 patients 531 NONUNION OF THE SCAPHOID TREATED BY VOLAR WEDGE GRAFTING AND HERBERT SCREW FIXATION VOL. 78-B, NO. 4, JULY 1996 Table I . Classification of scaphoid fracture according to Herbert (1990 Fig. 2 ). In this patient the proximal end of the graft had failed to unite after 42 months, but he was able to continue working as a gardener.
Ten patients had minor symptoms such as aching, cold intolerance or scar tenderness. One patient initially had pain in the wrist despite radiological union; this was relieved by removal of the supplementary K-wire which had been used to help to stabilise the reduction.
Three patients failed to return to their prefracture employment. One (case 9) had wrist pain and required removal of a K-wire. The second (case 15), a car mechanic, had scar tenderness and a stiff wrist. He had clinical depression after three previous operations and 11 months off work. The third patient (case 16) was a professional goalkeeper who had also had delayed union of a contralateral scaphoid fracture.
Fourteen patients had full function; in these the mean time from injury to operation was 33 months. Twelve had reduced function; their mean time between injury and operation was similar at 34 months. Six of the 11 patients who had had previous surgery had reduced function compared with seven of the 15 with previous conservative management. Eight of the 14 with full function showed mild or moderate degenerative changes on preoperative radiographs as compared with 10 of the 12 patients with reduced function. Complications. As mentioned above a supplementary Kwire caused some pain and after union its removal produced an improvement in symptoms. One patient developed a false aneurysm of the radial artery; this was ligated five weeks after the grafting operation and gave no long-term problems. One patient has chronic scar tenderness, but there have been no complications from the donor site in the iliac crest.
DISCUSSION Warren-Smith and Barton (1988) have reported a comparative but sequential study of Matti-Russe inlay grafting and a screw and wedge graft technique. The patients treated with wedge grafting had a similar time from injury to operation as our series, and there was a success rate of 75%, better than with inlay grafting. Radford, Matthewson and Meggitt (1990) reported 50 patients treated for delayed union and nonunion with Herbert screws. The rate of union was 79% for the nonunion group although only 58% had bone grafts. Both of these papers comment on the technical difficulties of the procedure. Cooney et al (1988) used the Herbert screw and graft technique to correct carpal deformity associated with nonunion, but they used additional K-wire fixation in most patients and immobilised the wrist for three months or more. Nakamura et al (1993) reported excellent results with the method but follow-up in some of their patients was less than six months from injury and none had previous surgery. They found that established nonunion for more than five years, sclerosis of the proximal pole, nonunion in the proximal third and an uncorrected deformity predisposed to a poor result. Our results compare favourably with those reported above.
In our series 11 patients had undergone previous surgery, seven with previous bone grafting. We believe that our high rate of union, even in these difficult cases, is related to the aggressive resection of the fibrous tissue and sclerotic bone. This is essential but may leave a big defect which requires a large graft. It seems imperative to use iliac graft to provide adequate size and immediate structural support. Impaction of the graft into the scaphoid should give some inherent stability, which is then supplemented by the internal fixation. Correction of a 'humpback' deformity immediately makes the whole carpus more stable (Nakamura et al 1987) . We do not consider that the actual method of fixation is of major importance, but the Herbert screw has been successful in our hands and allows early mobilisation.
Patients with severe degenerative change in the wrist were not treated in this way, and it was to be expected therefore that preoperative osteoarthritic changes on the radiographs were unrelated to persistent symptoms. We agree with Warren-Smith and Barton (1988) that radiological union does not necessarily correlate with symptom relief and good function. Some residual symptoms probably arise from degenerative changes and therefore we feel that patients with advanced osteoarthritis are unlikely to benefit greatly from achieving union of their fractured scaphoid.
We found that the delay between injury and union was unrelated to outcome, probably because this is also related to degenerative changes. A history of previous surgery was associated with reduced function postoperatively. Failure to restore carpal stability is another cause of continuing symptoms (Nakamura et al 1993) , but further study is required to relate the correction of deformity to the improvement in clinical results.
We recommend the use of wedge grafting and a Herbert screw for patients with established nonunion of the waist of the scaphoid. In the absence of severe degenerative change it is particularly indicated when previous surgery with or without bone grafting has failed, since it can relieve pain and improve function in most patients.
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